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ORIGINAL ARTICLE
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ABSTRACT
Objective: To compare the importance of storage time and the tooth type for isolation of dental pulp cells (DPCs)
from extracted human teeth. Methods: 35 human teeth were used in this study. The teeth were stored in phosphate
buffered saline (PBS) after extraction and divided into two groups randomly according to the time elapsed between
extraction and isolation. In group one, the isolation was performed within 2 hours and in the other group it was
performed 24 hours after extraction. Results: No significant differences between isolation time and total cell counts
(p=0.483) and between isolation time and viable cells (p=0.341). No significant differences between the first molar
and the premolar related cell counts and viable cells, but both teeth groups showed significant higher viability and had
higher total cell amounts than third molars after isolation. Statistically significant correlations were found between
age of donors and viable cells and viability after 24 hours isolation time. Conclusion: The immediate isolation of
DPCs is not necessary after the tooth extraction. The tooth can be stored in PBS at room temperature up to twenty
four hours after the extraction without a significant reduction in cell viability and counts. The cells obtained from
younger donors might have more chance for more viability even if storage time was extended. Premolars and first
molars were better donors than the third molars for DPCs isolations and the high number of success revascularization
rate in premolars with necrotic immature premolars might be because of their high cell viability potentials.
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INTRODUCTION
There are many areas of research for which dental
stem cells are currently used. They offer potential for
tissue regeneration in dentin, periodontal ligament and
dental pulp. Even enamel tissue engineering has been
suggested. Also the use of dental stem cells as sources
of cells to facilitate repair of non-dental tissues such as
bone and nerves have been introduced.1,2
Dental pulp stem cells (DPSCs) were discovered by
Songatao Shi and Stan Gronthos in human dental pulp
tissues of extracted third molars in year 2000.3 Other
type of human dental pulp-derived stem cells were
later identified such as dental pulp of human exfoliated
deciduous teeth (SHED), stem cells from apical papilla

(SCAP), and human supernumerary tooth derived stem
cells (SNTSCs).4,5 These cells have all a common origin
and are derived from neural crest cells, which provide
mesenchymal stem cell-like properties.6
Among these stem cells, DPSCs are relatively easily
achievable and have a high self-renewal capacity and
proliferation activity. They are capable of differentiation
into mesenchymal lineage cells including odontoblasts,
osteoblasts, chondrocytes, adipocytes, and myocytes.
Therefore, they present a gold standard for the repair of
small body defects in low risk autologous therapeutic
approaches.2
The results so far give good assumptions for the use of
stem cells in clinical trials and the role they may have
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in regenerative therapies .DPSCs may allow the root
maturation in endodontically treated immature teeth
with periradicular periodontitis or abscess.7,8

1. The pulp was cut into small pieces in 5ml
HFF HFF= HBSS (Hank’s Balance Salt
Solution)+ 5% FBS

A growing number of studies have focused on the
characteristics of DPSCs, development of isolation
or growth strategies of these cells.9,10 Characterization
of these cells, and determination of their potentials in
terms of specificity of regenerative response, may help
new clinical treatment approaches. Such findings may
supply an innovative and novel biologically based new
generation of clinical materials and/or treatments for
dental disease10. Research has shown that whenever
biomaterials have been in contact with DPSCs, the
proliferation and differentiation of the DPSCs into cells
almost identical to odontoblasts has been induced.11
Many factors influence both the quantity and quality
of DPSC tissue available for future clinical or
bioengineering applications. One of the primary factors
is the tooth type used for the isolation of DPSCs. It
is important to evaluate which type of tooth offers
the best DPSC property for the improvement of the
clinical outcomes of the treatment. Impacted third
molars were used in the original studies, also SHEDs
have been used as an excellent source of cells.12 Other
studies reported DPSCs isolation from supernumerary
teeth8. DPSCs from permanent and SHEDs have been
compared, and SHEDs reported higher proliferation
rates.13 Determining the duration of time DPSCs remain
viable and establishing standardized cell isolation and
expansion protocols, are really important in isolation
of DPSCs. Still, one of the practical issues for cell
therapies using DPSCs is the potential degradation of
the pulp tissue between the time of tooth extraction and
DPSC isolation (storage time).14
Current methods of tooth storage and the viability
of DPSCs have limitations. For in vitro experiments,
the pulp cells sometimes cannot be isolated freshly
after the extraction. Therefore, it is important for the
researchers to find out the maximum storage time
for the cells to remain viable. DPSCs are the small
fraction of dental pulp cells that possess Mesenchymal
Stem Cells (MSCs) characteristics. Thus, this study
aimed to compare the importance of the storage time
and tooth type (premolars or molars) with the highest
cell viability for DPSCs and the heterogeneous mix
population of dental pulp cells isolation from extracted
human teeth.

METHODS
Ethical approval was obtained to undertake this
study from VU Medisch centrum Ethical Committee
(2015.562). The protocol was followed according to S.
Gronthos et al.15 for the isolation of dental pulp stem
cells. This method involves the enzymatic digestion
of fresh samples of pulp. Different dentists were asked

2. 5ml cold HFF was added
3. Centrifuged 10 min at 400G
4. The supernatant was removed
5. Add 5 ml collagenase solution ( 3mg/ml PBS)
6. Incubated 1 hour in 37 0 C and mixed every
15 min
7. Washed 2 times with 5 ml HFF
8. Centrifuged 10 min at 400G
9. The supernatant was removed and pellet was
re- suspended with 1 ml clonogenic growth
medium.
10. The cell suspension was passed through a 70
µm strainer
Figure 1. The protocol of the study

to donate non-carious extracted teeth for this study.
If the patient agreed to provide teeth that were being
extracted, the teeth were stored in phosphate buffered
saline (PBS). In this study, 35 extracted teeth (13 pairs
premolars, 4 first molars and 5 third molars) were
stored in PBS at room temperature after the extraction.
The teeth were obtained from 10 female and 12 male
patients between the ages 11 and 28 years old (mean age
15.8±4.9 years old). The teeth were randomly divided
in two groups. The DPSCs and the heterogeneous mix
population of dental pulp cells were isolated in one
group two hours after the extraction and in the other
group twenty-four hours after the extraction.
The teeth were cut in a way that crown and root are
still connected. In the cabinet the crown is broken of
the root and the pulp was removed from the root using
K-files. For premolar tooth, as the pulp tissue volume is
smaller than molars, one maxillary and one mandibular
premolar pulp tissue were combined from the same
donor to reach the same amount of pulp tissue with
molars and these two premolars counted as one tooth.
For that reason, two premolars, one from maxilla and
the other from mandibula extracted from the same
donor in one session were included to the study.
The protocol of the study followed by the further steps
as shown in Figure 1.After the protocol was completed,
the cells were counted with Muse cell counter in
100
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Figure 2. Cell viability in groups. There was no significant
difference of the % cell viability between groups of storage.

Figure 3. The viability profile and population profile of
median according to cell counter.

order to evaluate the cell viability and storage time
differences. Furthermore, the cells were seeded in 3
different densities into the 6 well-plates for further
investigation.
Statistical analysis
Statistical analysis were performed with SPSS for
Windows 17.0. The normality of data for continuous
varibles (age, viable cell counts, total cell counts)
were calculated with Shapiro Wilk test. Descriptive
statistics were given as mean±sd (median; min-max)
for continous variables, median (min-max) for viability
values and ratios (%) as for genders when needed.
To determine the differences between isolation time
periods regarding the viable cell and total cell counts,
Mann Whitney U test was used. Kruskal Wallis, Mann
Whitney U tests with Bonferroni correction were used
for comparing the viable cell and total cell counts
among tooth types. Viability and gender values were
compared with Chi-square tests for both isolation time
period and tooth types. Spearmen test was also used for
obtaining correlation between age-viable cell counts,
total cell counts and viability values. The confidence
level was set as 95% for all tests.

RESULTS
The mean of total cell viability of the samples was
75.4% and the median was 80%. The viability of
the group which the cell was isolated in 2 hours was
78.3% and it was 74.1% in the after 24 hours group but
there was no significant difference between the groups
(p=0.341) (Figure 2). The median viability profile and
population profile were shown in Figure 3. Moreover,
there were no significant differences between the
isolation time regarding the viable cells (p=0.443) and
the total cell counts. (p=0.483).
There were no statistically significant differences
between the premolar and the first molar teeth in
regards to the viable cells (p=0.113) and the total cells

Fig ure 4. A colony of pulp stem cells in the CFU assay. The
microscope: Leica DM-IL inverted microscope with photo
setup (camera : DFC 7000T). The magnification: 10x

counts (p=0.089). Significantly, lower values were
obtained in third molars when the premolar (p=0.016,
p=0.012) and the first molar(p=0.014, p=0.014) were
compared regarding the viable cells and the total cell
amounts after isolation (respectively). However, there
were no significant differences between the tooth types
regarding the viability (p=0.306). Gender had no effect
on the viability, viable cells and total cell amounts.
Finally, in the “two hours” isolation group, there
were no significant correlations between age and viable cell (p=1;p>0.05), total cells (p=0.626;p>0.05),
viability (p=0.682;p>0.05). On the other hand,
statistically significant correlations were found
in “after 24 hours” isolation group, between age
and viable cell (r=-0.750;p=0.003;p<0.01), total
cells (r=-0.786;p=0.001;p<0.01), and viability (r=
0.627;p=0.022;p<0.05).
Moreover, it was a successful method for the isolation
of the DPSCs that the colonies of pulp stem cells were
observed in the CFU assay for all groups. In general,
more DPSC are situated at the center of the wells
compared to the margins (Figure 4).
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DISCUSSION
This study evaluated the cell counts and cell viability
in groups, where the isolation time was two hours
after the extraction and twenty-four hours after the
extraction. This research indicated that there is no
need for immediate isolation even if when the tooth
was stored at room temperature. This methodology
enabled us to collect the teeth from all around of
The Netherlands without considering cold-chain
transportation and storage time. Furthermore by that
way, the researchers could reach to different types of
teeth from different age groups. In literature most of the
researchers studied only the impacted third molars16-18
and in contrast to our study they stored the teeth on ice
pack and immediately transported them to the lab for
sample processing18. It should be recognized that our
approach differs somewhat from the recent literature
in terms of the storage time, age of donors and the
transportation temperature.
Dental pulp stem cells could play a key role in future
regenerative treatments because of their high plasticity
and multipotential capabilities9,19. However, for this
strategy to become clinically possible, achievable
methods for tooth storage and isolation should be
developed. There are several studies which report the
isolation methods and storage time of DPSCs20. It was
pointed out by Eubanks et al that the time frame of
storage did not affect the ability to isolate the DPSCs14.
Their study describes that the overnight storage of
extracted third molars in saline at 40C was an accepted
condition for the isolation and expansion of DPSCs.
This study also confirms that there were no differences
between storage time and cell counts and cell viability.
Other studies also reported that immediate processing
and storage after extraction might not influence the
successful banking of DPSCs. The present study is
consistent with other studies21,22 that demonstrated a
time dependent reduction in number of isolated DPSCs
the heterogeneous mix population of dental pulp cells
from extracted teeth as the storage time increased. Our
data shows that there was no significant difference with
different storage times but the number of isolated
viable cells decreased by waiting twenty- four hours
after the extraction. The protocol for isolating DPSCs
was successful. The average viability of the cells was
75.4%. Some protocols recommend 4 0C as the optimal
storage temperature in order to prevent the reduction
of DPSCs viability14,15 and this study followed also
the protocol of Gronthos.15 As the teeth were selected
from different dental clinics, there was no possibility
to transport them at 4 0C for this study. The extracted
teeth were stored in PBS solution at room temperature
after the extraction. Therefore, room temperature was
used constantly to ensure no change in cell specific
markers due to temperature changes during the storage.
The viability of immediately isolated DPSCs and the

heterogeneous mix population of dental pulp cells was
78.3% and the viability for the group isolated 24 hours
after the extraction in room temperature was 74.1%.
Therefore, this research determines that storage in
room temperature in PBS solution is also an applicable
option for maintaining teeth for DPSC isolation.
The DPSCs were used from isolated dental pulp and not
from periodontal ligament or roots, and also only intact
young pulp were included in order to limit the microbial
contamination. It is well known that sterilization of
extracted teeth is an important factor in determining
the success of building DPSC cultures.21 An interesting
finding of this study was the correlation between age and
viability & viable cells regarding isolation time. In the
light of these findings, the cells obtained from younger
donors might have more chance for more viability even
if storage time was extended.
Another valuable result from our study was that the
premolars and the first molars showed higher cell
viability and counts after isolation than the third molars.
Therefore, they might be a better candidate for DPSCs
isolation. To our knowledge, there are no studies that
compared these parameters earlier. In some case reports
of pulp revascularization premolars showed high
success rate of healing. The high number of success rate
in premolars revascularization with necrotic immature
premolars might be because of their high cell viability
potentials.23,24
This study determined that the storage time of extracted
teeth in room temperature in PBS, up to 24 hours
after the extraction did not affect the cell viability
or cell counts of DPSCs and the heterogeneous mix
population of dental pulp cells . Additional studies are
needed to evaluate these cells and their pulp healing and
regenerative potentials.

CONCLUSION
This study concluded that the procedure for isolation
of the DPSCs and the heterogeneous mix population of
dental pulp cells from extracted teeth should be started
within 24 hours, but the cells obtained from younger
donors might have more chance for more viability
even if storage time was extended. Premolars and
first molars were better donors than the third molars
for DPSCs isolations and the high number of success
revascularization rate in premolars with necrotic
immature premolars might be because of their high cell
viability potentials.
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